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0 (Sallium nitride group compound semiconductor laser diode. 



@ A gallium nitride group compound semiconduc- 
tor laser diode (10) satisfying the formula (AlxGai-x)- 
ylnt-yN, inclusive of 0 S x 5 1 and 0 S y 5 1 is 
constituted by a double hetero-junction structure 
sandwiching an active layer (5) by layers (4, 6) 
having wider band gaps than the active layer (5). 
The active layer (5) is magnesium (Mg) doped p- 



type conductive gallium nitride group compound 
semiconductor satisfying the formula (A(xGai-x)- 
ylni_yN, inclusive of 0 S x £ 1 and 0 S y S 1. In 
another embodiment, the active layer (5) is doped 
with silicon (Si). As a result, luminous efficiency is 
improved and threshold current for oscillation is 
lowered. 
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BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a semiconduc- 
tor laser diode (laser diode hereinafter) that emits 
visible short wave rays in the blue to violet and 
also in the ultraviolet region. Especially, the inven- 
tion relates to a laser diode which requires less 
threshold current for oscillation. 

Description of the Prior Art 

A conventional laser diode disclosed in the 
United States Patent of 5,247.533 is constituted by 
a gallium nitride group compound semiconductor 
satisfying the formula (AlxGai-x)ylni-yN inclusive of 
0 i X i 1 and 0 S y i 1, and its active layer is not 
doped with any impurities. Consequently, the laser 
diode has a problem of high threshold current for 
oscillation. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to reduce the threshold current for oscillation. 

According to the first aspect of the invention, 
there is provided a semiconductor laser diode sat- 
isfying the formula (AlxGai-x)yIni-yN. inclusive of 0 
ix£1andOSy51 comprising: 

a double hetero-junction structure sandwiching 
an active layer by layers having wider band gaps 
than the active layer; and 

wherein the active layer is magnesium (Mg) 
doped p-type conductive gallium nitride group 
compound semiconductor satisfying the formula 
(AUGai-Oylni-yN, inclusive ofO£x£1andOSy 
S 1. 

According to the second aspect of the inven- 
tion, the p-type conductive gallium nitride group 
compound semiconductor is obtained by one of 
electron irradiation, laser irradiation, heat treatment, 
and any combinations among the electron irradia- 
tion, the laser irradiation, and the heat treatment. 

According to the third aspect of the invention, 
the p-type conductive gallium nitride group com- 
pound semiconductor is obtained by heat treatment 
in the atmosphere of nitrogen {N2) gases under 
plasma state. 

According to the fourth aspect of the invention, 
the active layer is constituted by silicon (Si) doped 
n-type conductive gallium nitride compound semi- 
conductor satisfying the formula (AlxGai-x)y'ni-yN 
inclusive ofO£xS1andOSyi1- 

When the active layer is constituted by Mg- 
doped GaN compound of p-type satisfying the for- 
mula {AlxGai-x)ylni-yN inclusive of 0 £ x £ 1 and 0 
5 y S 1. emission efficiency between t>ands is 



enhanced resulting in lowering threshold current for 
oscillation. 

Further, when the active layer is constituted by 
Si-doped GaN compound of n-type satisfying the 
5 formula (AlxGai-x)ylni-yN inclusive of 0 S x £ 1 and 
0 5 y £ 1 . emission efficiency of the active layer is 
improved resulting in lowering threshold current for 
oscillation. 

Other objects, features, and characteristics of 
10 the present invention will become apparent upon 
consideration of the following description in the 
appended claims with reference to the accompany- 
ing drawings, alt of which form a part of the speci- 
fication, and wherein referenced numerals desig- 
75 nate corresponding parts in the various figures. 

BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawings: 
20 FIG. 1 is a diagram showing the structure of the 
laser diode embodied in Example 1; and 
FIG. 2 is a diagram showing the structure of the 
laser diode embodied in Example 2. 

26 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention will be more fully understood by 
reference to the following examples. 

30 

Example 1 

FIG. 1 is a sectional view of a laser diode 10 
with a sapphire substrate 1 embodied in Example 
35 1. 

The sapphire substrate 1 of single crystalline, 
whose main surface "c'' '(0001) was cleaned by an 
organic washing solvent and heat treatment, was 
placed on a susceptor in a reaction chamt)er for 

40 the MOVPE treatment After the chamber is evacu- 
ated, the sapphire substrate 1 was etched at 1200 
•C by a vapor of H2 fed into the chamtter under 
normal pressure. As a result, hydrocarbon group 
gases previously attached to the surface of the 

45 sapphire substrate 1 were removed to some extent. 
AboiA a 50 nm thick aluminum nitride (AIN) 
buffer layer 2 was epitaxially fornied on the sap- 
phire substrate 1 under conditions of lowering the 
temperature of the sapphire substrate 1 to 400 'C, 

50 keeping the temperature constant, and supplying 
trimethyl aluminum (Ai(CH3)3) (TMA hereinafter) 
and ammonia (NH3). 

On the buffer layer 2, silicon (Si) doped GaN 
n+-layer 3 of high carrier concentration was formed 

55 under conditions of raising the temperature of the 
sapphire substrate 1 to 1150 'C, stopping sup- 
plying only TMA. and additionally supplying 
trimethyl gallium (Ga(CH3)3) (TMG hereinafter), and 
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silane (SiH^). 

The wafer was taken out from the chamber so 
as to cover a portion of the GaN layer 3 as a mask 
with silicon oxide (SiOa), and returned into the 
chamber. The chamber was evacuated again and 
supplied with hydrogen (H2) and NH3 raising the 
temperature of the sapphire substrate 1 to 1150 

•a 

Then, about a 0.5 ^m thick undoped 
AlciGaogNn-layer 4 was formed on the portion of 
the n+-layer 3 which was not covered with SiOz by 
supplying TMA and TMG. 

About a 0.4 iim thick magnesium (Mg) doped 
GaN active layer 5 was formed on the n-layer 4 by 
supplying TMG and biscyclopentadienyl magne- 
sium (Mg(CH5H5)2) (CP2Mg hereinafter). 

About 0.5 urn thick Mg-doped AlciGao^N p- 
layer 6 was formed on the active layer 5 by sup- 
plying TMA, TMG, and CP2Mg. 

Then, the SiOa layer covering the portion of the 
n+-Iayer 3 as a mask was removed by a 
hydrofluoric acid group etching liquid. 

After a SiCfe layer 7 was formed on the p-layer 
6, a strip-like window 7A of 1 mm by 50 um in 
dimensions was formed. Then, the wafer was trans- 
ferred into a vacuum chamber, and electron rays 
were irradiated into the Mg-doped p-layer 6 and 
the Mg-doped active layer 5. This irradiation 
changed those layers 5 and 6 into p-type conduc- 
tive layers. 

Typical irradiation conditions are: 

15 KV for the electron accelerating voltage; 

120 ilA for the emission current; 

60 iim0 for the electron spot diameter;and 

297 K for the sample temperature. 

Subsequently, a metal electrode 8A was 
formed in the strip-like window 7A, and a metal 
electrode 8B on the GaN n+-layer 3. 

The obtained laser diode 10 was found to 
require 90 % lesser threshold current for oscillation 
than a conventional laser diode whose GaN active 
layer was not doped with any impurities. 

Example 2 

FIG. 2 is a sectional view exhibiting a structure 
of the semiconductor laser diode with a sapphire 
substrate in Example 2. A difference between Ex- 
amples 1 and 2 resides in the active layer 5. In 
example 2, the active layer 5 is doped with silicon 
(Si), although the active layer 5 in Example 1 is 
doped with magnesium (Mg) and is irradiated with 
electron beams for p-type conduction. The manu- 
facturing processes up to the AIGaN n-layer 4 was 
as same as those described in Example 1. 

On the n-layer 4. atx)ut a 0.4 um thick Si- 
doped GaN active layer 5 was formed by supplying 
TMG and SiH+. 



Subsequently. Alo.iGao.oN p-layer 6 and metal 
electrodes SA and 8B were formed by the same 
processes that were described in Example 1. The 
electron irradiation was carried out only onto the 
5 Mg-doped p-iayer 6 at the same conditions those 
were described in Example 1 . 

The obtained laser diode 10 was found to 
require 90 % lesser threshold current for oscillation 
than a conventional laser diode whose GaN emis- 
10 sion layer was not doped with any impurities. 

Although sapphire was employed as the sub- 
strate in Examples 1 and 2, a silicon substrate, a 
6H-SiC substrate, or a GaN substrate can be used, 
alternatively - 

15 Further, one of electron irradiation, laser irra- 

diation, heat treatment and any combinations 
among the electron irradiation, the laser inradiation. 
and the heat treatment can be used alternatively, 
although electron irradiation was employed for the 
20 p-type conductive layers 5 and 6 in Example 1 and 
for the p-layer 6 in Example 2. 

Further, the p-type conductive layers were al- 
ternatively obtained by heat treatment in the at- 
mosphere of nitrogen (N2) gases under plasma 

25 state as described in the following processes. 

The reaction chamber was evacuated, and 
then, N2 gases were introduced there keeping the 
pressure of the chamber 100 Torr or less. After 
plasma discharge was carried out in the chamber 

30 at electric power of 10 to 100 W. heat treatment 
was carried out onto the substrate 2 for 5 to 60 
min. keeping its temperature 500 to 900 'C. This 
discharge can be carried out with any one of high- 
frequency wave, microwave, direct current, and so 

35 on, alternatively. The substrate 2 was placed either 
in the state of plasma discharge that both of N 
radical species and ionized species existed or in 
the state of afterglow that only N radical species 
existed. The optimum conditions for the p-type 

40 conductive layers with fine crystallinity were 750 
* C temperature of the sapphire substrate 1 and 40 
W of electric power. 

While the invention has been described in con- 
nection with what are presently considered to be 

45 the most practical and preferred embodiments, it is 
to be understood that the invention is not to be 
limited to the disclosed emtKXliments, but on the 
contrary, is intended to cover various modifications 
and equivalent arrangements included within the 

50 spirit and scope of the appended claims. 

A gallium nitride group compound semiconduc- 
tor laser diode (10) satisfying the formula 
(AlxGai-x)yIni-yN, inclusive of0ix£1and05y 
S 1 is constituted by a double hetero-junction 

55 structure sandwiching an active layer (5) by layers 
(4, 6) having wider band gaps than the active layer 
(5). The active layer (5) is magnesium (Mg) doped 
p-type conductive gallium nitride group compound 
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semiconductor satisfying the formula <AlxGai_x>- 
ylnt-yN. inclusive of 0 5 x S 1 and 0 S y S 1. In 
another embodiment, the active layer (5) is doped 
with silicon (Si). As a result, luminous efficiency is 
improved and threshold current for oscillation is 5 
lowered. 

Claims 

1. A gallium nitride group compound semicon- w 
ductor laser diode (10) satisfying the formula 
(AlxGai_x)y'ni-yN, inclusive of 0 £ x £ 1 and 0 

S y i 1 having a double hetero-ju notion struc- 
ture sandwiching an active layer (5) by layers 
(4, 6) with wider band gaps than said active 75 
layer (5) is characterized in that said active 
layer (5) is magnesium (Mg) doped p-type 
conductive gallium nitride group compound 
semiconductor satisfying the formula 
(AlxGai-x)ylni-yN, inclusive of 0 £ x S 1 and 0 so 
5 y S 1. 

2. A gallium nitride group compound semicon- 
ductor laser diode (10) satisfying the formula 
(AlxGai-x)ylni-yN, inclusive of 0 5 x ^ 1 and 0 25 
S y i 1 of claim 1. wherein said p-type con- 
ductive gallium nitride group compound semi- 
conductor is obtained by one of electron irra- 
diation, laser irradiation, heat treatment, and 

any combinations among the electron irradia- 30 
tion, the laser irradiation, and the heat treat- 
ment. 

3. A gallium nitride group compound semicon- 
ductor laser diode (10) satisfying the formula 35 
(AlxGai-x)ylni-yN, inclusive of 0 ^ x S 1 and 0 

£ y £ 1 of claim 1, wherein said p-type con- 
ductive gallium nitride group compound semi- 
conductor is obtained by heat treatment in the 
atmosphere of nitrogen (N2) gases under plas- 40 
ma state. 

4. A gallium nitride group compound semicon- 
ductor laser diode (10) satisfying the formula 
(AlxGa,-x)ylni-yN, inclusive of 0 £ x S 1 and 0 45 
£ y 5 1 having a double hetero-junction struc- 
ture sandwiching an active layer (5) by layers 

(4. 6) with wider band gaps than said active 
layer (5) is characterized in that said active 
layer (5) is silicon (Si) doped n-type conductive so 
gallium nitride group compound semiconductor 
satisfying the formula (AlxGai-x)ylni-yN, Inclu- 
sive ofO^xSI andO£yS1. 
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